
1 

TEXAS INSTRUMENTS INCORPORATED 
Apparatus Division 

13500 North Central Expressway 
Dallas, Texas 75222 

FINAL ENGINEERING REPORT 
RANGER COMMAND SUBSYSTEM FOLLOW-ON 

17-48420-Final 

JPL Contract No. 950065 

5 May 1964 

GPO PRICE $ Prepared for 
Jet Propulsion Laboratory 

Pasudena, California 
California Institute of Technology oTS $ 

Hard copy (HC) d 493 
1 

Microfiche (MF) ->7) 

1 ,  



. 

TEXAS INSTRUMENTS INCORPORATED 
Apparatus D i v i s i o n  

13500 North Cen t ra l  Expressway 
Da l l a s ,  Texas 

FINAL ENGINEERING REPORT 

RANGER COMMAND SUBSYSTEM FOLLOW-ON - -- - 
I 

1 7 -48420-Fina 1 

JPL Cont rac t  No. 950065 

5 May 1964 

Prepared f o r  
J e t  Propuls ion  Labora tory  

C a l i f o r n i a  I n s t i t u t e  of Technology 
Pasadena, C a l i f o r n i a  

“him work was performed for the Jet Propulsion Laboratory, 
California Institute of Technology, sponsored by die 
National Aeronautics and Space Administration under 
Contract NAS7-100. 

RE-ORDER NO. 6 + 3 9 3  



. E ' <  

TABLE OF CONTENTS 

S e c t i o n  

I . 
I I. 

I11 . 
IV . 

F i g u r e  

1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 

T i t l e  Page 

INTRODUCTION . . . . . . . . . . . . . . . .  1 

SYSTEM DESCRIPTION . . . . . . . . . . . . . .  4 

A . Command D e t e c t o r  System Logic  . . . . . . . .  4 
B . Command Decoder System Logic . . . . . . . . .  7 
C . Block 111 System Changes . . . . . . . . . .  11 

SYSTEM DIFFICULTIES . . . . . . . . . . . . .  13 

CONCLUSIONS AND RECOMMENDATIONS . . . . . . . . .  14  

A . 25 PPS I n p u t  C i r c u i t r y  . . . . . . . . . . .  1 4  
B . Tuning Fork F i l t e r  . . . . . . . . . . . .  14 
C . Detec to r  Wideband F i l t e r  . . . . . . . . . .  14 
D . S i n g l e  System . . . . . . . . . . . . . .  16 
E . Packaging . . . . . . . . . . . . . . .  18 

APPENDIX 

A . T e s t  Procedures  and Data Shee t  
B . Detec to r  and Decoder Drawing L i s t  

LIST OF ILLUSTRATIONS 

T i t l e  Page 

Top and Bottom V i e w  of D i g i t a l  Command De tec to r  . . . .  2 
Top and . Bottom View of D i g i t a l  Command Decoder . . . .  3 
Logic Dkagram . Command De tec to r  . . . . . . . . .  5 
Narrowband F i l t e r  Response C h a r a c t e r i s t i c s  . . . . . .  8 
Logic Diagram . Command Decoder . . . . . . . . .  9 
CC and S and A u x i l i a r y  Clock C i r c u i t r y  . . . . . . .  15 
S i m p l i f i e d  Commani Subsystem . . . . . . . . . .  1 7  



TEXAS INSTRUMENTS INCORPORATED 
Apparatus Div i s ion  

13500 North Cen t ra l  Expressway 
Dal las ,  Texas 

5 May 1964 

FINAL ENGINEERING REPORT 
RANGER COMMAND SUBSYSTEM FOLLOW-ON . 

17-48420-Final 

Re f e r  ence s : ( a )  J e t  Propuls ion  Labora tory  Con t rac t  No. 950065 

(b)  Texas Instruments  Inco rpora t ed  Proposa l  
No. A62-194 dated 8 October 1962 

SECTION I 

INTRODUCTION 

Texas Ins t ruments  Incorpora ted  was engaged by J e t  P ropu l s ion  Labora tory  
t o  des ign  and f a b r i c a t e  t h e  d i g i t a l  command d e t e c t o r  (F igure  1) and t h e  d i g i t a l  
command decoder (F igu re  2) f o r  t h e  Ranger Block 111 Command System a s  s p e c i f i e d  
under t h e  p r o v i s i o n s  of References  ( a )  and (b ) .  This  r e p o r t ,  the  f i n a l  eng i -  
nee r ing  r e p o r t  on t h e  s u b j e c t  equipment, has  been prepared  i n  accordance wi th  
JPL S p e c i f i c a t i o n  No. 20017. 

The purpose of t h e  Ranger Command Subsystem i s  t o  a l low ground c o n t r o l  
over t h e  s p a c e c r a f t  whi le  i n  f l i g h t .  The command subsystem r e c e i v e s  i t s  d a t a  
i n p u t s  from the  s p a c e c r a f t  transponder and g e n e r a t e s  swi tch  c l o s u r e s  which a l low 
r e a l  t ime commands t o  ope ra t e  o r  s t o r e  d a t a  i n  the  c e n t r a l  computer and sequencer .  
The command subsystem a l s o  c o n t a i n s  an a u x i l i a r y  c lock  which w i l l  f u n c t i o n  i n  
the  even t  t h a t  t he  c e n t r a l  s p a c e c r a f t  c l o c k  f a i l s .  This  w i l l  a l low c o n t r o l  t o  
be main ta ined  over  t h e  s p a c e c r a f t .  

An impor tan t  f e a t u r e  of t h i s  equipment i s  the  means by which the  component 
d e n s i t y  i s  obta ined .  The d i g i t a l  bu i ld ing  b locks  used i n  the s p a c e c r a f t  command 
d e t e c t o r  and decoder a r e  of modular c o n s t r u c t i o n .  This  modular c o n s t r u c t i o n  t ech -  
nique y i e l d s  a component d e n s i t y  of 100,000 components pe r  cub ic  f o o t  and a n  
o v e r a l l  package component d e n s i t y  of 50,000 components pe r  cub ic  foot. 
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Figure 1. Top and Bottom View of D i g i t a l  Command D e t e c t o r  
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F i g u r e  2 .  Top and Bottom View of D i g i t a l  Command Decoder I 
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SECTION I1 

SYSTEM DESCRIPTION 

The command d e t e c t o r  and decoder a r e  subsystems of t h e  Ranger Block I11 
Command System. This  s e c t i o n  desc r ibes  b o t h  u n i t s ,  t h e i r  f u n c t i o n s ,  and b a s i c  
theo ry  of ope ra t ion .  The f u n c t i o n a l  d e s c r i p t i o n  of t h e  two systems w i l l  be 
desc r ibed  s e p a r a t e l y .  

A.  Command De tec to r  System Logic 

F igure  3 i s  a l o g i c  diagram of t h e  command d e t e c t o r .  The i n p u t s  a r e  the  
FSK tone ,  AGC s i g n a l ,  25 pps c lock  s i g n a l ,  t h e  a l e r t  p u l s e  d r i v e  and t h e  RTC 
i n d i c a t i o n  pu l se .  The d e t e c t o r  ou tputs  which go t o  the  decoder a r e  the  command 
word, t he  dump s i g n a l ,  and the  1 pps sync p u l s e .  

The a l e r t  p u l s e  from t h e  d e t e c t o r  goes t o  t h e  CC and S and the RTC i n d i -  
c a t i o n  t o  te lemet ry .  The command s u b c a r r i e r  i s  f requency-sh i f t -keyed .  Th i s  
FSK-modulated s u b c a r r i e r  i s  f i r s t  passed through t h e  i n p u t  f i l t e r  which has  a 
bandwidth of 95 c y c l e s  and then  through t h e  l i m i t e r  a m p l i f i e r .  The output  of 
t h e  l i m i t e r  i s  r e c e i v e d  by a d r i v e r  a m p l i f i e r .  Then t h e  narrowband tun ing  
f o r k  f i l t e r  r e c e i v e s  t h e  s i g n a l  and f u r t h e r  d i s c r i m i n a t e s  a g a i n s t  any s i g n a l s  
which a r e  n o t  p r e c i s e l y  a t  t he  frequency of t h e  ON tone of t he  modulated sub- 
c a r r i e r .  The OFF tone  which i s  removed 30 c y c l e s  below t h e  ON tone  produces 
ze ro  ou tpu t  (-25db) from t h e  tun ing  fo rk  f i l t e r .  

When t h e  m,Ddulated s u b c a r r i e r  i s  a t  t h e  ON tone frequency,  the  ou tpu t  
of t he  tun ing  f o r k  f i l t e r  i s  passed through an ou tpu t  a m p l i f i e r  and then  con- 
v e r t e d  t o  a dc v o l t a g e  i n  the  envelope d e t e c t o r .  When t h e  command s u b c a r r i e r  
i s  a t  t h e  OFF tone  frequency,  t he  f i l t e r  ou tpu t  i s  n e g l i g i b l e ,  and t h e  ou tpu t  
of t h e  d e t e c t o r  i s  zero .  The dc s i g n a l  from the  envelope d e t e c t o r  a c t u a t e s  a 
Schmi t t  t r i g g e r  (ST1) which genera tes  ONE o r  ZERO b i t s  going t o  the  command 

..word and g a t e s  (A5). 

The ou tpu t  of ST1 i s  on ly  one of  t h r e e  i n p u t s  t o  A5. A second inpu t  i s  
r e c e i v e d  from ST2, which produces a ONE s i g n a l  when t h e  AGC v o l t a g e  i s  g r e a t e r  
than  .8 v o l t s  a t  t h e  i n p u t  of ST2. 
A5 and du r ing  normal o p e r a t i o n  of t h e  l o g i c  i t  produces a ONE i n p u t .  ST2 and 
F/F2 t h e n  m u s t  g a t e  A5 t o  a l low t h e  command word b i t s  from ST2 t o  be t r a n s m i t t e d  
o u t  of  t h e  command d e t e c t o r .  

The ou tpu t  of f l i p - f l o p  2 (F/F2) goes t o  

The d i g i t a l  l o g i c  of t h e  command d e t e c t o r  c o n s i s t s  of a s e r i e s  of 11 
b i n a r y  s c a i e r s .  The s c a i e r s  count  down from 25 pps c l o c k  s i g n a i  t o  produce a 
1 pps sync o u t p u t  and a r e s e t  p u l s e  a t  t he  end of a 57 second count  per iod .  

The a u x i l i a r y  c lock  i s  a f r e e  running  m u l t i v i b r a t o r  whose o u t p u t  i s  
blocked by the  inpu t  of t h e  25 pps sync p u l s e  f r a n  t h e  CC and S.  The a u x i l i a r y  
c l o c k  ou tpu t  i s  enabled only i f  t h e  25 pps i n p u t  from t h e  CC and S f a i l s  open. 

The a l e r t  p u l s e  d r i v e  i s  taken from count  16 of t h e  decoder and i s  used 
t o  togg le  an  IP  swi tch .  The ou tpu t  of the  I P  swi tch  i s  then  passed on t o  t h e  
CC and S. 
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The RTC i n d i c a t i o n  p u l s e  i s  r e c e i v e d  from t h e  decoder when a r e a l  t ime 
command r e l a y  i s  energ ized .  The RTC i n d i c a t i o n  p u l s e  i s  passed through an  
i n v e r t e r  which t o g g l e s  a s i n g l e  s h o t  m u l t i v i b r a t o r .  The s i n g l e  s h o t  t r i g g e r s  
an I S  swi tch  which sends an RTC i n d i c a t i o n  p u l s e  t o  t e l eme t ry .  The normal 
sequence of even t s  i n  t h e  ope ra t ion  of  the  command d e t e c t o r  a r e  p re sen ted  i n  
t h e  fo l lowing  paragraphs.  

An AGC s i g n a l  of .8 v o l t s  or  more i s  a p p l i e d  t o  ST2 caus ing  it t o  produce 
a d i g i t a l  ONE which goes t o  A5 a s  p rev ious ly  desc r ibed .  

A 25 pps c lock  s i g n a l  through A2 d r i v e s  t h e  b i n a r y  s c a l e r  group t o  pro-  
duce t h e  sync and r e s e t  pu lses .  A 2  and t h e  b i n a r y  s c a l e r s  do n o t  begin  t o  
count  u n t i l  t he  f i r s t  i d e n t i f i c a t i o n  b i t  o f  a command word i s  r ece ived  through 
t h e  command d e t e c t o r .  The f i r s t  b i t  of t h e  command word coming out  of t h e  
d e t e c t o r  a t  ST1 t r i g g e r s  F/F1 t o  the s e t  cond i t ion .  

The " s e t "  F/F1 g a t e s  A 1  so t h a t  t h e  AGC s i g n a l  from ST2 w i l l  " s e t "  F/F2 
i n  t h e  even t  t h a t  t h e  AGC s i g n a l  should f a i l  and A 2  so t h a t  the  c lock  p u l s e s  
can s t a r t  t he  b i n a r y  s c a l e r s  on t h e i r  count ing  sequence. 

S ince  the  f i r s t  b i t  o f  t h e  command word s t a r t s  t h e  count ing  sequence o f  
the  b i n a r y  s c a l e r ,  t he  sync ou tpu t  p u l s e s  a r e  produced a t  a r a t e  of one p e r  
second co inc iden t  w i th  each  b i t  of t h e  command word. 

Should the  AGC s i g n a l  drop below 18 v o l t s  a t  any t ime dur ing  the  t r a n s -  
miss ion  of a command word, ST2 switches and F/F2 i s  p l aced  i n  the  I t se t"  condi-  
t i o n .  OR g a t e  (01) r ece ived  s i g n a l s  from F/F2 and ST2, e i t h e r  of which gene ra t e s  
t he  dump o r  "not ready" s i g n a l  which goes t o  t h e  command decoder i n d i c a t i n g  t h a t  
t he  AGC has  f a i l e d .  S ince  ST2 has changed s t a t e ,  and F/F2 has  gone i n t o  t h e  
" s e t "  cond i t ion ,  bo th  g a t i n g  s i g n a l s  t o  A5 have now become zero ,  thereby  s topp ing  
any o u t p u t  of command word s i g n a l s  from t h e  d e t e c t o r  going t o  t h e  decoder.  To 
r e c a p i t u l a t e ,  t he  l o s s  of  AGC produces a dump s i g n a l  d i r e c t l y  and s t o p s  the  
command word ou tpu t .  

The normal l e n g t h  of t he  command word i n  t h e  Ranger system i s  18 b i t s .  
A t  t h e  end of t he  command word, the d i g i t a l  l o g i c  con t inues  count ing u n t i l  t h e  
end of 57 seconds a t  which time t h e  r e s e t  p u l s e  occurs ,  caus ing  F/F1 t o  r e s e t  
which s h u t s  o f f  t h e  g a t i n g  s i g n a l  t o  A 1  and A 2 .  
remains a t  t h e  p o i n t  where i t  stopped coun t ing  a t  t h e  end of 57 seconds and i s  
n o t  zero-ze t .  The i d e n t i f i c a t i o n  b i t  of t h e  nex t  command word through t h e  
d e t e c t o r  (ST1) s e t s  F/F1, producing a s i g n a l  t o  z e r o - s e t  t he  d i g i t a l  cha in  and 
r e s e t  F/Fz. A t  t he  same time t h e  output  of F/F1 o p e r a t e s  and g a t e s  A 1  and A2, 
s t a r t i n g  another  command word count ing sequence. I f  AGC should f a i l  between 
command words a f t e r  F / F ~  i s  r e s e t ,  a dump s i g n a l  ou tpu t  would occur and Ag would 
be ga t ed  o f f .  No ou tpu t  from any r ece ived  command word s i g n a l  can occur  from 
t h e  d e t e c t o r  a s  long a s  t h e  AGC s igna l  i s  below t h r e s h o l d  l e v e l .  

The b i n a r y  d i g i t a l  cha in  

The use of f r equency- sh i f t  s u b c a r r i e r  keying  i n  t h i s  system improves t h e  
n o i s e  f i g u r e  over  t h a t  which might be expected u s i n g  a n  ON-OFF keyed s u b c a r r i e r .  
This  i s  p o s s i b l e  because a s u b c a r r i e r  i s  always p r e s e n t  a t  the  i n p u t  and produces 
ampli tude l i m i t i n g  a t  normal l eve l s .  
improves t h e  s i g n a l - t o - n o i s e  r a t i o  by l i m i t i n g  response  t o  f r equenc ie s  o u t s i d e  

The 95-cycle  bandpass of t h e  i n p u t  f i l t e r  
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J 
of i t s  response  spectrum. A r e s i s t o r  network a t  t h e  i n p u t  of  the  bandpass 
f i l t e r  a l lows  ad jus tment  of  t h e  l i m i t i n g  t h r e s h o l d  of t h e  d e t e c t o r  t o  s i g n a l s  
g r e a t e r  than  0.1 v o l t  r m s .  The b a s i c  d e s i g n  of t he  d e t e c t o r  channel  i s  such 
t h a t  e f f e c t i v e  l i m i t i n g  begins  a t  i n p u t  l e v e l s  on t h e  o r d e r  o f  0.1 v o l t  r m s .  
Below t h i s  l e v e l ,  t h e  f i l t e r  and l i m i t e r  a m p l i f i e r  combinat ion performs a s  a 
l i n e a r  device.  Above t h i s  l e v e l ,  l i m i t i n g  begins  t o  t ake  p lace .  The c e n t e r  
f requency of t h e  bandpass l i m i t e r  i s  s e t  midway between t h e  two command sub- 
c a r r i e r  f r equenc ie s ,  t h a t  i s ,  i t  i s  l o c a t e d  15 c y c l e s  below the  frequency of 
the  ON tone and 15 c y c l e s  above the f requency  of t h e  OFF tone .  The narrow- 
band f i l t e r  which u s e s  a Philamon tun ing  f o r k  r e s o n a t o r  is p r e c i s e l y  s e t  t o  
t he  frequency of t h e  ON tone and r e j e c t s  s i g n a l s  a t  t h e  OFF tone frequency 
wi th  a t t e n u a t i o n  of b e t t e r  t h a n  20 db. Frequency response  of  t he  narrowband 
f i l t e r  i s  shown i n  F igu re  4 .  The 3 db response  of t he  narrowband f i l t e r  i s  
2.5 cps.  

B. Command Decoder System Logic 

F igure  5 i s  a l o g i c  diagram of  the  command decoder.  The command decoder 
has  t h r e e  i n p u t s  and f i v e  groups of o u t p u t s .  The i n p u t  s i g n a l s  a r e  t h e  1 pps 
sync p u l s e ,  t h e  dump s i g n a l  and the command word (18 b i t  non-re turn- to-zero  
(NRZ) word). The o u t p u t s  a r e  the  r e a l  t ime command, s t o r e d  time command, a l e r t  
pu l se  d r i v e ,  RTC i n d i c a t i o n  and te lemet ry .  The sys tem b i t  o r  pu l se - r a t e - f r equency  
(PRF) i s  one pu l se  p e r  second. 

The f i r s t  command b i t ,  a "1" b i t ,  w i l l  s e t  t he  program c o n t r o l  f l i p - f l o p  
(F/F1). 
sync p u l s e s  (Pi), o u t p u t  of S/S1 ,  and t h e  s h i f t  r e g i s t e r s  t o  s h i f t  and s t o r e  
the  incoming command. 
channel  t o  c o n d i t i o n  t h e  s i g n a l  for  s t o r i n g  i n  the  memory ( s h i f t  r e g i s t e r s )  
c i r c u i t s .  S ince  the  memory has  a s t o r a g e  c a p a c i t y  of 1 7  b i t s  and the  command 
word i s  18 b i t s ,  t h e  f i r s t  command b i t  i s  s h i f t e d  o u t  o r  l o s t .  

This  opens two ga te s ,  A 1  and A3, a l lowing  the  b i n a r y  s c a l e r  t o  count  

A Schmi t t  t r i g g e r  (ST1) i s  used i n  t h e  command word 

Event sequences a r e  determined by t h e  program c o n t r o l  m a t r i x  and t h e  
b i n a r y  s c a l e r .  The address  decode m a t r i x  decodes t h e  addres s  d a t a  b lock  of t h e  
command word s t o r e d  i n  s h i f t  r e g i s t e r s  SR1 through SR5. On t h e  19 th  sync pu l se ,  
a m a t r i x  supply v o l t a g e  switch a p p l i e s  a v o l t a g e  p u l s e ,  equa l  i n  d u r a t i o n  t o  t h e  
sync p u l s e ,  t o  the address  ma t r ix  f o r  i n t e r r o g a t i n g  t h e  command word. I f  t h e  
command word i s  a r e a l  time command, a r e a l  t ime command r e l a y  w i l l  ope ra t e  f o r  
150 m i l l i s e c o n d s  nominally.  I f  the command word i s  a s t o r e d  command, the  enable  
f l i p - f l o p  (F/Fz)  w i l l  be s e t ,  enabl ing  two g a t e s ,  A4 and A5, t o  be opened. Gate 
A5 a l lows  t h e  s t o r e d  command r e l a y  t o  ene rg ize  i f  a "1" i s  i n  t h e  l a s t  memory 
c i r c u i t  (SR1). 

command ou tpu t .  On t h e  36th  count,  a r e s e t  pu l se  i s  genera ted  r e s e t t i n g  t h e  
program c o n t r o l  f l i p - f l o p  and the  enable  r eadou t  f l i p - f l o p .  A t  count  36 of 
F/F1 i s  a p p l i e d  t o  AND Gate A7. 
s i n g l e  s h o t  3 ( S / S 3 )  goes t o  t h e  one l e v e l  enab l ing  AND Gate A7 and i s  i n v e r t e d  
and used t o  r e s e t  t he  coun te r s .  

Gate A4 a l lows  the sample swi t ch  t o  be tu rned  on when a sample 
p d s e  OP,C"rE. en s t o r e d  coF2x2IIds, all 17 bits I r e  transmitted tn the s t n r e d  

One hundred and s i x t y  mi l l i s econds  l a t e r ,  

7 
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Command Command Code 
Des igna t ions  (Address ) 

Real Time Commands: 

RTC - 1 101010 

RTC - 2 110100 

RTC - 3 111010 

RTC-4 110110 

RTC - 5 110010 

RTC - 6 100101 

RTC - 7 101110 

RTC - 8 101100 

The occurrence  of a dump s i g n a l  du r ing  a word t r a n s m i s s i o n  r e s e t s  t h e  
command decoder t h e  same a s  t h e  r e s e t  pu l se .  However, should  a dump s i g n a l  
occur  a f t e r  t h e  1 9 t h  sync p u l s e ,  t h e  dump s i g n a l  i s  locked  o u t  of t h e  decoder 
by c l o s i n g  AND Gate A 2 .  Thus, the c o r r e c t  word a l r e a d y  s t o r e d  i n  the  s h i f t  
r e g i s t e r s  w i l l  be r e t a i n e d  and i ts  command c a r r i e d  through. I f  a dump s i g n a l  
occu r s ,  a "not  ready" s i g n a l  i s  gene ra t ed  by t h e  t e l e m e t r y  f l i p - f l o p  (F/F3). 
The o u t p u t  of t h e  t e l e m e t r y  f l i p - f l o p  goes t o  t e l e m e t r y  equipment. 

The a l e r t  p u l s e  d r i v e  i s  taken  from count  16 of the program m a t r i x  and 
passed  on t o  t h e  d e t e c t o r .  

The RTC i n d i c a t i o n  occurs  eve ry  time a r e a l  t ime command r e l a y  i s  
ope ra t ed  and t h i s  RTC i n d i c a t i o n  i s  t r a n s m i t t e d  t o  t e l e m e t r y  v i a  t h e  d e t e c t o r .  

Table  I below shows command d e s i g n a t i o n ,  command code and command des -  
c r i p t i o n  a s s o c i a t e d  w i t h  t h e  d i g i t a l  command decoder.  

Table I. Command Decoder Des igna t ions  

Command D e s c r i p t i o n  

R o l l  Overr ide  

Antenna Hinge Angle Override 

Antenna Switchover 

Begin Midcourse Maneuver 

Telemetry Mode Change 
Upgrade TV Backup Clock 

Begin Terminal Maneuver 

TV Warmup 
TV Emergency Telemetry 
Emergency Telemetry Turn-off 
Turns TV Off 

Sun Re-acqui re  
I n h i b i t  Motor Burn 



Table  I. Command Decoder Des igna t ions  (Continued)  

I 
( I  
I 
I 
I 
8 
1 
I 
I 
1 
I 
1 
8 
1 

Command Comnand Code 
Des igna t i o n s  (Addre s s ) Command D e s c r i p t i o n  

S t o r e d  Time Commands : 

sc-1 

sc-2 

110101 Midcourse R o l l  Maneuver Dura t ion  

111101 Midcourse P i t c h  Maneuver Dura t ion  

sc-3 100011 Midcourse V e l o c i t y  Increment  

sc -4 

sc -5 

110011 

101011 

Terminal  F i r s t  P i t c h  Maneuver Dura t ion  

Termina 1 Yaw Maneuver 

SC-6 111011 Terminal Second P i t c h  Maneuver Dura t ion  

When a r e a l  t ime command i s  r e c e i v e d  a p r e s e l e c t e d  r e l a y  i s  c l o s e d  f o r  
The s t o r e d  t i m e  command s h i f t s  t h e  1 7  d i g i t  w o r d  150 m i l l i s e c o n d s  nominal ly .  

t o  the  CC and S computer i n  t h e  command system. 

C. Block 111 System Changes 

The purpose of t h i s  s e c t i o n  i s  t o  show how t h e  p r e s e n t  Block 111 Ranger 
Command Subsystem d i f f e r s  from sys t ems  b u i l t  p r e v i o u s l y  f o r  JPL by Texas I n s t r u -  
ments. The fo l lowing  l i s t s  these  d i f f e r e n c e s .  

1. 

2 .  

3. 

4. 

5. 

6 .  

7. 

An a u x i l i a r y  25 p u l s e s  pe r  second c l o c k  and hold  o f f  
c i r c u i t r y  was added t o  the  d e t e c t o r  t o  p r o t e c t  a g a i n s t  
CC and S c l o c k  f a i l u r e .  

RTC-8 was added i n  t h e  decoder .  

An I P  swi t ch  was added t o  t h e  d e t e c t o r  t o  gene ra t e  a n  
a l e r t  p u l s e  f o r  CC and S.  

A 68 ohm r e s i s t o r  was added i n  s e r i e s  w i th  +28V common 
t o  a l l  r e a l  t ime command r e l a y s  i n  the  decoder.  

An i n v e r t e r ,  monostable m u l t i v i b r a t o r ,  and I S  swi t ch  
was added i n  t h e  d e t e c t o r  to g e n e r a t e  an  i n d i c a t i o n  t o  
t e l e m e t r y  i f  a r e a l  rime command r e l a y  c l o s e s .  

Connector  s i z e  on the  d e t e c t o r  was changed from a 25 p i n  
connec tor  t o  a 37 p i n  connec tor .  

The d e t e c t o r  c h a s s i s  was reduced  i n  wid th  by 1/8 i nch  and 
t h e  decoder  c a s t i n g  was i n c r e a s e d  i n  wid th  by 1/8 inch.  

1 -3 11 
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8. All l o g i c  diodes e x t e r n a l  t o  modules were changed from 
PS510B t o  FD126 as  d i scussed  i n  S e c t i o n  111. 

9. S e t - r e s e t  modules were r edes igned  which i s  a l s o  d i s c u s s e d  
i n  S e c t i o n  111. 

10. De tec to r  pe r iod  of o p e r a t i o n  w a s  changed from 56 t o  57 
seconds. 

11. The r e s e t  c i r c u i t r y  of t h e  program c o n t r o l  f l i p - f l o p  i n  
t h e  decoder was changed t o  e l i m i n a t e  a time r a c e  problem. 
See S e c t i o n  111. 

1 2 .  S e v e r a l  components were r e s p e c i f i e d  t o  opt imize  c i r c u i t  
performance. 

13. The cordwood module h e i g h t  was inc reased  t o  accommodate 
bending of l eads  w i t h i n  the  module be fo re  s o l d e r i n g  which 
produces b e t t e r  s o l d e r  j o i n t s .  

12 j 
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SECTION 111 

SYSTEM DIFFICULTIES 

There have been s e v e r a l  a r e a s  where t e c h n i c a l  d i f f i c u l t i e s  have been 
encountered  du r ing  t h e  performance of t h i s  m o d i f i c a t i o n  t o  t h e  Ranger c o n t r a c t .  

The f i r s t  o f  t h e s e  problem areas  h a s  been t h e  h igh  r e j e c t  r a t e  on 2N336 
t r a n s i s t o r s  and the  low y i e l d  of t r a n s i s t o r s  u s a b l e  i n  modules. Because o f  t h e  
ex t remely  wide b e t a  range  of  t h e  2N336 and p rev ious  expe r i ence  w i t h  t h e  t r a n s i s t o r  
i n  f l i p - f l o p  modules, t h e  t r a n s i s t o r s  were matched t o  w i t h i n  20 u n i t s  and were 
s e l e c t e d  from t h e  low end of t h e  b e t a  r ange ,  80 t o  140. The t r a n s i s t o r  i t s e l f  
e x h i b i t e d  h igh  r e j e c t  r a t e s  because of b e t a  d r i f t  and low b e t a .  JPL reques t ed  
t h a t  u n i t s  w i th  b e t a  h ighe r  t han  180 no t  be used. 

The second problem a r e a  was encountered when the  f i r s t  decoder  was assem- 
b l e d  and t e s t e d .  It e x h i b i t e d  an  e l e c t r i c a l  f a i l u r e  t h a t  appeared t o  be a t i m e  
r a c e .  To e l i m i n a t e  t h i s  r a c e  from the system t h e  r e s e t  c i r c u i t r y  of  t he  decoder 
was changed. P r e v i o u s l y  t h e  program c o n t r o l  f l i p - f l o p  (F/F1) was r e s e t  when t h e  
program coun te r  reached count  36 and i n  t u r n  r e s e t  t h e  program coun te r  t o  count  0, 
removing t h e  r e s e t  p u l s e  from F/F1. To e l i m i n a t e  t h i s  problem t h e  o p e r a t i n g  p u l s e  
P3 used i n  t h e  decoder was "ANDED" with t h e  f l i p - f l o p  ou tpu t .  Th i s  a l lowed approx- 
ima te ly  160 m i l l i s e c o n d s  f o r  t h e  program c o n t r o l  f l i p - f l o p  t o  r e s e t  be fo re  the  
counter  was r e s e t  and thus  e l i m i n a t e d  t h e  t ime r ace .  

During preacceptance  t e s t i n g  of subsystem No. 2 a t h i r d  problem a r e a  was 
found i n  t h e  d e t e c t o r .  When t h e  AGC vo l t age  was removed and then  r e t u r n e d  du r ing  
a command c y c l e ,  F/F2 was p r o p e r l y  s e t  t o  gene ra t e  a dump s i g n a l  b u t  was improperly 
r e s e t  when the  AGC s i g n a l  was removed. A f t e r  i n v e s t i g a t i o n  i t  was determined t h a t  
t h e  cause  of t h i s  f a i l u r e  was r e v e r s e  c u r r e n t  f lowing i n  a PS510B diode  used i n  
an  AND g a t e  caus ing  c o l l e c t o r  t r i g g e r i n g .  

F u r t h e r  i n v e s t i g a t i o n  r e v e a l e d  t h a t  t he  r e v e r s e  c u r r e n t  was a l s o  t h e  cause  
of  t he  decoder  f a i l u r e .  The o r i g i n a l  d iode  used i n  t h e  command subsystem was a TI 
1N645. Upon J P L ' s  r e q u e s t  t h e  PS510B diode  was s u b s t i t u t e d  f o r  t h e  1N645 i n  t h e  
l a s t  two decoders  b u i l t  f o r  JPL on the Block I1 phase of t h e  Ranger program. This  
d iode  acco rd ing  t o  pub l i shed  d a t a  was an  e l e c t r i c a l  e q u i v a l e n t  o f  t he  1N645. 
Although t h e  manufac turers  s p e c i f i c a t i o n s  a r e  e q u i v a l e n t  f o r  bo th  the  PS510B 
diode  and t h e  1N645, i t  has  been learned  t h a t  t h e  TI  1N645 device  d i f f e r s  sub- 
s t a n t i a l l y  when used a s  a l o g i c  element. Ne i the r  dev ice  i s  s p e c i f i e d  f o r  t h i s  
a p p l i c a t i o n .  Both dev ices  a r e  s p e c i f i e d  f o r  use  a s  r e c t i f i e r s .  The PS510B diode 
i s  an  a l l o y  j u n c t i o n  device  wh i l e  t h e  T I  1N645 i s  a d i f f u s e d  j u n c t i o n  device .  
I I I ~  aiiuy j u n c t i o n  i n h e r e n t i y  has  a h igher  r e v e r s e  r ecove ry  time than  t h e  d i f f u s e d  
j u n c t i o n  and i n  t h i s  ca se  caused a mul t i t ude  of problems i n  t h e  l o g i c  c i r c u i t r y .  

I n 1  - 

To e l i m i n a t e  t h i s  problem t h e  diode types  were changed t o  FD126 i n  a l l  
l o g i c a l  a r e a s  e x t e r n a l  t o  modules and t h e  s e t - r e s e t  f l i p - f l o p s  and dc s e t  and 
r e s e t  i n p u t s  were redes igned .  

A wors t  ca se  c i r c u i t  des ign  review rev iew r e v e a l e d  a f o u r t h  problem a rea .  
S e v e r a l  c i r c u i t  d r i v e r s  were found t h a t  under  wors t  c a s e  c o n d i t i o n s  could  have 
become degraded i n  o p e r a t i o n .  To a l l e v i a t e  t h e  s i t u a t i o n  a minimum b e t a  r e q u i r e -  
ment was p l aced  on t h e s e  t r a n s i s t o r s  and s e v e r a l  r e s i s t o r  v a l u e s  were changed t o  
i n c r e a s e  dc  ove rd r ive .  

13 
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SECTION I V  

CONCLUSIONS AND RECOMMENDATIONS 

The p r e s e n t  system, al though more than  adequate  f o r  i t s  miss ion ,  can be 
v a s t l y  improved through some r e l a t i v e l y  s imple changes. This  s e c t i o n  w i l l  d i s c u s s  
t h e  changes t h a t  Texas Ins t rumen t s  f e e l s  would be d e s i r a b l e  t o  i n c o r p o r a t e  i n t o  
f u t u r e  command subsystems of t h i s  type. 

A .  25 PPS I n p u t  C i r c u i t r y  

With t h e  p r e s e n t  c i r c u i t r y ,  i f  t he  CC and S o u t p u t  t o  the  command subsystem 
The ou tpu t  of AND g a t e  A 2  w i l l  become f a i l s  i n  a s h o r t  mode the  system w i l l  f a i l .  

clamped low and no c l o c k  p u l s e  w i l l  be genera ted  t o  the system (Figure  3 ) .  

I f  t h i s  c i r c u i t r y  i s  changed t o  t h a t  shown i n  F igure  6,  t h e r e  w i l l  be pro- 
t e c t i o n  a g a i n s t  bo th  open and s h o r t  f a i l u r e s  a t  t h e  i n p u t  and t h e  mechanical r e l a y  
would be e l imina ted .  The p r e s e n t  CC and S d e t e c t o r  would be modif ied and used t o  
s e l e c t  AND g a t e  A 2  a s  t h e  added gate.  These o u t p u t s  would be r e s i s t i v i t y  OR'ed 
t o g e t h e r  t o  d r i v e  the  p r e s e n t  i n v e r t e r .  

B. Tuning Fork F i l t e r  

The tun ing  f o r k  f i l t e r  p r e s e n t l y  used  has  a r e s i s t i v e  feedback network from 
t h e  ou tpu t  t o  t h e  inpu t .  Th i s  r e s i s t o r  pas ses  no i se  around the tun ing  f o r k  f i l t e r  
from the  i n p u t  t o  t h e  ou tpu t .  The b e s t  s i g n a l - t o - n o i s e  r a t i o  t h a t  can  be expected 
f r m  the system w i l l  be determined by the f i x e d  tun ing  f o r k  a m p l i f i e r  g a i n  f o r  t he  
s i g n a l  and t h e  no i se  passed through and shunted  around the  f i l t e r  by the feedback 
pa th .  The magnitude of n o i s e  shunted around t h e  f i l t e r  i s  determined by the  s i z e  
o f  t he  feedback r e s i s t o r  and the output  impedance of t h e  a m p l i f i e r .  The s i g n a l - t o -  
n o i s e  r a t i o  of the  system can be increased  by changing t h e  feedback from the  p r e s e n t  
r e s i s t o r  t o  a u n i d i r e c t i o n a l  type network. 

It should a l s o  be po in ted  out t h a t  t h e  summing p o i n t  f o r  t he  i n p u t  s i g n a l  
and t h e  feedback i s  t h e  o u t p u t  of  the l i m i t e r  a m p l i f i e r .  The o u t p u t  of t he  l i m i t e r  
a m p l i f i e r  does no t  p r e s e n t  a cons t an t  va lue  of impedance t o  the feedback and c r e a t e s  
an unsymmetrical  t un ing  f o r k  f i l t e r  d r i v e .  It i s  f e l t  t h a t  i f  t h i s  c i r c u i t  were 
redes igned  a f u r t h e r  improvement i n  t h e  s i g n - t o - n o i s e  r a t i o  could be obta ined .  

C. Detec tor  Wideband F i l t e r  

The purpose of t h e  wideband f i l t e r  i s  t o  d i s c r i m i n a t e  a g a i n s t  no i se  o u t s i d e  
The p r e s e n t  f i l t e r  has  t h e  proper  of  a 95 cyc le  pas s  band cen te red  a t  f l  -15 cps.  

c h a r a c t e r i s t i c  a t  t h e  pas s  band f requencies  b u t  a s  f r equenc ie s  of t he  inpu t  a r e  
i n c r e a s e d  t h e  f i l t e r  g a i n  approaches u n i t y .  Th i s  can be c o r r e c t e d  by r e v e r s i n g  
t h e  p o s i t i o n  of  the  induc to r  and input  c a p a c i t o r  of t he  f i l t e r .  
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D. S i n g l e  System 

The p r e s e n t  d e t e c t o r  and decoder a r e  b u i l t  t o  o p e r a t e  a s  two s e p a r a t e  
I f  t h e  command system u n i t s  which r e s u l t s  i n  a s e r i e s  o f  redundant  o p e r a t i o n s .  

were repackaged a s  a s i n g l e  system, t h e  s e r i e s  redundancy could be e l imina ted .  
Th i s  approach would r e q u i r e  t h a t  a l l  s t o r e d  t ime commands be monitored through 
t e l e m e t r y  on the  ground a s  i s  p r e s e n t l y  be ing  done. 

The a r e a s  where changes a r e  recommended a r e  l i s t e d  a s  fo l lows .  

1. 

2. 

3 .  

4. 

5. 

E l imina t ion  of 1 2  s h i f t  r e g i s t e r s  i n  t h e  decoder which would 
r e q u i r e  t h a t  a l l  s to red  t ime comnands be monitored from t h e  
ground a s  i s  now being done. It would a l s o  r e q u i r e  addres s  
i n t e r r o g a t i o n  during t h e  7 t h  r a t h e r  t han  t h e  1 9 t h  second a s  i s  
p r e s e n t l y  t h e  case.  

E l imina t ion  of the  program coun te r  i n  t h e  decoder.  This  can 
be accomplished by g a t i n g  t h e  r e q u i r e d  counts  from t h e  pro-  
gram counter  i n  the d e t e c t o r .  

E l imina t ion  of the monostable m u l t i v i b r a t o r s  i n  t h e  decoder .  
Th i s  can be done by g e n e r a t i n g  t h e  o p e r a t i n g  pu l ses  PI,  P2,  
and P3 from t h e  counter  which d i v i d e s  the  25 pps s i g n a l  down 
t o  1 pps. 

F l ip-Flop1 i n  t h e  decoder can be e l i m i n a t e d  by u s i n g  Q of F/F2 
i n  t h e  d e t e c t o r  t o  c o n t r o l  t h e  m a t r i x  supply switch.  T h i s  
a l s o  e l i m i n a t e s  the n e c e s s i t y  of t h e  dump s i g n a l  ou tpu t  c i r -  
c u i t r y  i n  t h e  d e t e c t o r .  

The command word output  e m i t t e r  fo l lower  and AND g a t e  A5 can 
be e l i m i n a t e d  from t h e  d e t e c t o r  and ST can be e l imina ted  from 
t h e  decoder.  The c o n t r o l l i n g  f u n c t i o n  of the  g a t e ,  the  Schmi t t  
t r i g g e r ,  and the  e m i t t e r  fo l lower  f u n c t i o n s  were made unneces- 
s a r y  by t h e  previous s t e p .  

'If t h e  changes recommended i n  s t e p s  1 through 5 a r e  inco rpora t ed  t h e r e  a r e  
s e v e r a l  o t h e r  a r e a s  which should be cons idered .  A s i m p l i f i e d  block diagram i n c o r -  
p o r a t i n g  t h e  changes i n  s t e p s  1 through 5 i s  shown i n  F igure  7. 

6. 

7. 

8. 

Recode the  command addres ses  i n  such a manner t h a t  it would 
r e q u i r e  two b i t  e r r o r s  t o  gene ra t e  a f a l s e  command. 

Change t h e  d r i v e  t o  t h e  two i s o l a t i o n  p u l s e  swi tches  t o  guarantee  
a p o s i t i v e  tu rn -o f f .  I n  t h e  p r e s e n t  method where t h e  swi tch  i s  
allowed t o  decay off t h e r e  i s  a pe r iod  of time where the  swi tch  
t r a n s i s t o r  i s  o p e r a t i n g  a s  an a m p l i f i e r .  Thio w i l l  amplify any 
n o i s e  p r e s e n t  on the p o s i t i v e  v o l t a g e  source .  

S t anda rd ize  o n  a u n i v e r s a l  type f l i p - f l o p  r a t h e r  than  use 
four  d i f f e r e n t  packages a s  i s  t h e  p r e s e n t  case.  This  w i l l  
s i m p l i f y  product ion and t h u s  reduce  t h e  c o s t .  
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9. I n c o r p o r a t e  a s ta r t  command f o r  the  sys tem so t h a t  any one b i t  
e r r o r  w i l l  n o t  s t a r t  sys tem o p e r a t i o n .  

E. Packaging 

The o r i g i n a l  packaging des ign  approach on the  command subsystem was 
aimed a t  ach iev ing  maximum component d e n s i t y .  A l l  t r a d e - o f f s  were made t o  t h i s  
end. A s a r e s u l t  t h e  p r e s e n t  system has an o v e r a l l  d e n s i t y  of 50,000 components 
pe r  c u b i c  f o o t .  

S ince  the  o r i g i n a l  des ign  e f f o r t  was made t h e r e  have been s e v e r a l  new 
workmanship s p e c i f i c a t i o n s  p l aced  on the  c o n t r a c t .  These s p e c i f i c a t i o n s ,  which 
have grown o u t  of f u r t h e r  exper ience  w i t h  bo th  Mariner  and Ranger s p a c e c r a f t ,  
a r e  aimed a t  a s sembl i e s  ave rag ing  25,000 components p e r  c u b i c  f o o t .  I n  o r d e r  
t o  app ly  these  s p e c i f i c a t i o n s  t o  the command package many excep t ions  and d e l e t i o n s  
have been made. The r e s u l t  of t h i s  has been a r e d u c t i o n  i n  the e f f e c t i v e n e s s  of  
the s p e c i f i c a t i o n s  and confus ion  in  t h e i r  a p p l i c a t i o n .  Th i s  i n  t u r n  has  gene ra t ed  
c e r t a i n  i n e f f i c i e n c i e s  i n  t h e  manufacturing p rocess .  

For f u t u r e  programs it is  recommended t h a t  the  command package be r edes igned  
i n  l i n e  wi th  the  a p p l i c a b l e  workmanship s p e c i f i c a t i o n s .  

r n d Y -  
T. C. MONROE 
P r o j e c t  Engineer 
Space Systems 

TCM: j b  
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1. TABLE OF TESTS Paragraph No. 

1.1 Power Consumption 3.1 

1.2 Signals 3.2 

2. LIST OF TEST EQUIPMENT 

2.1 Data Sheets (TI Drawing 438992 ) s h a l l  be completed as a par t  
of t h i s  t e s t .  

2.2 Verify tha t  tes t  equipment designated WORKING STANDARD, or be t te r ,  is 
currently c e r t i f i e d  per T I  Standard Procedure No. 12-28. 

2.3 Commercial Test Equipment - The following commercially available t e s t  
equipment (o r  equivalent) is required t o  complete the t e s t  required 
by t h i s  specification. 

2.3.1 

2.3.2 

Tektronix 543 Scope - U s e d  f o r  measuring pulse widths and heights. 

HP410B Voltmeter - Used for measuring voltages having a one second 
or grea te r  duration. 

2.4 Special Test Equipment - The following spec ia l  t e s t  equipment is 
required t o  complete the t e s t  required by t h i s  specification. 

2.4.1 Dig i ta l  Cormnand Decoder Checkout Instrument (JPL Par t  No. 3349138). 
Operation sf the checkout instrument i s  given i n  T I  Report No. 3-60305-3, 
“Ranger 111 Digi ta l  Command Decoder and Checkout Instrument . I t  

3. TEST PROCEDURE 

3.1 Power Consumption 

a. Read and record percent current dra in  on -6V d-c power supply. 

b. Read and record percent current drain on +6V d-c power supply. 

c. Read and record percent current drain on +12V d-c power supply. 

d. Read and record percent current dra in  on +28V d-c power supply. 

3.2 S ignal s 

NOTE: Pulses P i ,  P2 and P3 r e f e r  t o  the outputs of the posit ive mono- 
s tab le  multivibrator A 1  module, the negative monostable m u l t i -  
v ibrator  A4 module, and the negative monostable multivibrator A6 
module, respectively. These points can be located i n  the Decoder 
system by using Je t  Propulsion Laboratory Drawings 3158183 and 
3158173. The t e s t  points indicated i n  parenthesis a r e  located on 
the f ron t  panel of the checkout instrument described i n  Section 2.4.1 

4 TI - - I  E l  7 9  3.1 .a 

I I 
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b. 

C. 

d. 

e. 

f .  

g. 

h. 

i. 

.I* 

k. 

1. 

m. 

n. 

0 .  

Po 
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Read and record the amplitude and duration of pulee P i .  

Read and record the amplitude and duration of pulee P 2 .  

Read and record the amplitude and duration of pulse P 3 .  

Read and record the minimm and maximum amplitude of 5 of F/F1. (TPl) 

Read and record the minimum and maximum amplitude of of F/F2. (TP2) 

Read and record the minimum and maximum output of the c m a n d  word 
Schmitt Trigger. (TP3) 

Read and record the amplitude and duration amplitude of the CC&S 
s h i f t  pulse. (TP4) 

Read and record the m a t r i x  voltage supply switch amplitude and 
duration. (TP5) 

Read and record with reference t o  +28V the  amplitude and duration 
of the RTC current measurement. (TP6) 

Read and record the minimum voltage and duration of the sample 
pulse. (TP7) 

Read and record the amplitude of the command word pulse t r a i n  a t  
which the decoder w i l l  operate without e r ror .  (TP9) 

Read and record the minimum amplitude of the sync pulse a t  which 
the  decoder w i l l  operate without e r ror .  (TP10) 

Read and record the minimum value of the dump signal which w i l l  
r e s e t  F/F1. 

Se t  the command word leve l  and the sync pulse t o  2 volts.  After 
each stored command has been s e t  i n to  the  checkout instrument, the 
checkout instrument should be s e t  t o  automatic. Each command should 
recycle a t  l e a s t  5 times. 

Set up the checkout instrument as i n  s tep  (n) and repeat for  each 
r e a l  t i m e  command. 

Read and record the  amplitude and duration of the count 16 pulse.(TP8) 

Monitor F/F1 a t  TP1. Monitor the dump signal a t  TP11. 
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Contract No. 
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RANGER BLOCK I11 

NOTES : A. This t e s t  data sheet t o  be f i l l e d  out as a p a r t  of T I  Procedure 

procedure. 
438991 . The paragraph numbering corresponds t o  tha t  of the 

B. Record actual readings a t  25OC only in  space provided unless other- 
wise specified. 

3.1 Power Consumption +25OC I -10% I +75oc 
I 

a. 4 V D C  
b. +6VDC 
c. +12vDc 
d. +28VDC 

3.2 Signals 

a. 

b. 

C .  

d. 

e. 

f. 

g. 

h. 

p1 

p2 

p3 

F/F1 C 

F/F2 C 

Schmitt 
Trigger 

Sh i f t  
pulse 

Matrix 
supply 
pulse 

g o o %  (20 me> 
d O O %  (200 ma) 
<loo% ( 1  ma) 
7100% (60 ma) 

- - - 

>3.5v - (3.5 - 5V) 

23.5v (3.5 - 5V) 

)3.5V (3.5 - 5v) 

150 m s  533% (100-200 ms) 

10 ms 250% (5-15 ms) 

30 ms 233% (20-40 ms) 

S p . 4 V  (0  - 0.4V) 
1 4 V  ( 4 Y  - 6V) 

<0.4V (0  - 0.4V) 
>4V ( 3 - 6V) 

<0.4V, 2-0.5V (-0.5-+ 0.4V) 
2 4 V  (4  - 6V) 

1,4V ( 4  - 6V) 
30 ms 250% (20-40 ms) 

z5V (5 - 6V) 
150 ma - +33% (100-200 ms) 

3.7 
29.5 

.15 
4.2 

c 25 
4.2 

I r.28 I I 
I I 
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+25OC 1 -1OOC I +75OC 

i. 

1. 

n. 

0. 

P- 

RTC 
current 

Sample pulse 

150 f. 50 msec. 
-&dV minimum 

S0.N ( 0  - 0 .2V)  
10 m~ 550% (5-15 m ~ )  

Command Word Between 1 and 2V 
(minimm amplitude) 

Sync Pulse Between 1 and 2.2V 
(minimm amplitude) 

Dump Signal Between 0.5 and 2V 
(minirmm value) 

Stored Time Correct word check 
Conmand Test and display 

sc-1 (110101) 
sc-2 (111101) 
sc-3 (100011) 
sc-4 (110011) 
sc-5 (101011) 
SC-6 (111011) 

Real Time Lamp Indication 
Conrmand Test and word check 

RTC-1 (101010) 
RTC-2 (110100) 
RTC-3 (111010) 
RTC-4 (110110) 
RTC-5 (110010) 
RTC-6 (100101) 
RTC-7 (101110) 
RTC-8 (101100) 

Count 16 2 3.5v 

166 - 
0 
10.6 

X 

X 
I I 

Time of completion 

Total Operating t i m e  

This system conforms t o  the requirements of T I  Individual Test  Procedure 438991 
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LIST OF TEST EQUIPMENT 

Data Sheets ( T I  Drawing 439971) sha l l  be completed a s  a p a r t  of t h i s  test. 

Verify t h a t  t ea t  equipment designated WORKING STANDARD, or be t te r ,  is 
currently c e r t i f i e d  per T I  Std. Procedure No. 12-28. 

DRAWING NO. 

439970 

Ranger Cormnand Detector Checkout Instrument 

Commercial Test Equipment - The following commercially available test 
equipment ( o r  equivalent) is required t o  complete the tes t  required by 
t h i s  specification. 

Audio Osci l la tor  - General Radio Oscil lator,  Type 1302-A o r  equivalent. 

A-C Voltmeter - Hewlett-Packard Model 400D o r  equivalent. 

D-C Voltmeter - Hewlett-Packard Model 410B o r  equivalent. 

Random Noise Generator - General Radio Model 1309A. 

Electronic Counter - Hewlett-Packard Model 523B o r  equivalent. 

TEST PROCEDURE 

Power Consumption 

With the Command Detector connected by t e s t  cable t o  the checkout instru- 
ment, energize both equipments and check the power consumption of the 
detector, Record the percent current drain on each of the three d-c 
supplies3 +28V, +6V, and -6V. 

Bandpass of Wide Band F i l t e r  and Limiter 

Preparation 

a, Disable the  in t e rna l  o sc i l l a to r  by moving the "OSCILLATOR" switch 
i n s i d e  the checkout instrument t o  the off posit ion.  
"INTERNAL EXTERNAL" Osc i l la tor  switch on the f ron t  panel t o  external 
posit ion,  

Place the 

b. Monitor the o s c i l l a t o r  input voltage a t  TP13. 
output voltage t o  50 mv rms. 
i n t  the bandpass of the f i l t e r - l imi t e r  c i r cu i t .  
with the e lec t ronic  counter. 
d i s to r t ed  reduce the 50 mv u n t i l  a sine wave appears a t  44. 

Set  the H.P. Oscil lator 

Monitor the frequency 
Maintain t h i s  input leve l  while measur- 

I f  the output as defined i n  s tep  c is  

-1E1793.1.1 t 

4 

3 J 3 



3.2.2 

3.2.3 

3.3 

3.3.1 

3.3.2 

3.3.3 

Center Frequency and Bandpass 

a. Adjust the osc i l l a to r  to the frequency near f c  which produces 
the m a x i n u m  response a t  the co l lec tor  of 44 and record the rms voltage. 
Read and record the frequencies above and below f c  where the output 
i s  3 db below the m a x i m m  output level.  

b, Calculate the center frequency as the average of the two 3 db fre-  
quencies and record, 

c. Obtain the bandpass of the f i l t e r  as the difference of the two 3 db 
The bandpass should be 95 2 5 cps. frequencies. 

Record the output of Q4 a t  f o  and fl. 
than -.8 dbs. from the maximum output level.  

d. The oritput should not be l e s s  

L i m i t e r  Action 

Record the  vatputs a t  TPI for  input  levels a t  TP13 of 0.05, 0.1, 0.2, 0.5, 
and 1.0 v o l t s  rms a t  the given frequencies, 

Tuning Fork F i l t e r  

Preparation 

a. The external  o sc i l l a to r  sha l l  be s e t  t o  a leve l  of 1.0 V r m s  measured 
a t  TP13. The in te rna l  o s c i l l a t o r  s h a l l  remain disabled as i n  
sect ion 3.2. 

Center Frequency and Bandpass 

a. Adjust the o s c i l l a t o r  to the frequency which produces *e maximum 
rms voltage a t  the base of 413 on detector board A l .  Record 
t h i s  voltage. Read and record the dc voltage a t  TP2 and the 
frequency f l  of the external o s c i l l a t o r  t o  the nearest  tenth 
of a cycle p e r  second. 

b. Read and record the frequencies above and below f l  where the output 
a t  the base of 413 is down 3 dbs. Obtain the bandpass as the 
difference of the  3 db frequencies and record. The bandpass should 
be 2.5 2 -2 cps. 

Off-Frequency Response 

a. Increase the osc i l l a to r  input leve l  to  1.4 vo l t s  r m s  (TP13). 
Record the  f i l t e r  amplifier output (rms vo l t s )  a t  the base 
of 413 on Board A-3 and the detector  output (dc vo l t s )  a t  "-2, 
f o r  frequencies of f l  2 10 CPS. 
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3.4 

3.4.1 

3.4.2 

3.4.3 

3.4,4 

3.4.5 

3.4.6 
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b. Increase the o s c i l l a t o r  input level  t o  2.80 v o l t s  rma (TP-13). 
Record the f i l t e r  amplifier output (rms v o l t s  a t  the base of 413) and 
the detector output (dc vo l t s  a t  TP-2) for  frequencies of f l  20 cps. 

C. The maximum l i m i t  of the envelope detector output i n  a and b is less 
than the threshold level of ST-1 measured i n  Section 3.4.6.a. 

System Operation 

Preparation 

Set  the checkout instrument to operate i n  the normal manual mode. Adjust 
the on tone level  t o  1 v o l t  r m s  a t  TP-13. 

Sync Pulse 

a. Measure the amplitude of the sync pulse a t  TP-11. 

b. Measure the r i se  time (Tr) of the sync pulse. 

c. Measure the duration of the sync pulse. 

Command Word Pulse 

a. Measure the dc  voltage level of the command word pulse for  both 
the "1" and "0" s t a t e s  a t  E-57. 

b. Measure the r i s e  t i m e  of the leading edge of the command word pulse. 

ST1 Activation T i m e  

a. Using the oscilloscope measure the time required for  ST1,to turn on. 
This t i m e  i s  measured from the beginning of the on and off keying 
of the subcarrier with a 1 .OV r m s  input level  a t  TP-13. Connect the 
sync input (+) t o  TP-14 and the v e r t i c a l  input t o  TP-3. 

Using the oscilloscope as above measure the t i m e  required for  ST1 
t o  turn of f .  

Cormnand Word In t e rva l  

Using an electronic  counter measure the command word interval.  Connect the 
START input (-) of the counter t o  TP-4. 

b. 
Sync input should be s e t  for  a negative (-) t r igger .  

Se t  the STOP input t o  (+) and the 
m9d-P switch to the "c0m.m" psiticrn. 

Threshold Levels 

a. The setup for the checkout instrument i s  the same as  for paragraph 
3.2.1.a except t ha t  the frequency of the o s c i l l a t o r  i s  f l .  
input voltage and record the detector output voltage (TP-2) which 
causes ST1 (Tp-3) t o  turn f u l l  on. Record the voltage a t  TP-3. 

Vary the 
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Reduce the o s c i l l a t o r  input voltage and record the detector output 
voltage which causes ST1 t o  turn  f u l l  o f f .  

Monitor the co l lec tor  voltage of ST2 (TP-5), while varying the AGC 
voltage control on the checkout instrument. Record the voltage l eve l  
a t  terminal E58 on Board A-1 which cause8 ST2 t o  turn on. 
the co l lec tor  voltage a t  TP-5. 
voltage l eve l  a t  E58 which causes ST2 t o  turn o f f .  
col lec tor  voltage a t  TP-5, 

Record the voltage a t  TP-3. 

b. 

Record 
Reduce the AGC voltage and record the 

Record the 

3.4.7 Inh ib i t  Operation 

Set the checkout instrument to  the normal manual mode of operation. 
Record the dump signal (E2 on Board A-2) and F/F2 (TP-6) dc voltage 
leve ls  under the following conditions. 

a. 

b. 

S t a r t  the cycle with the AGC voltage grea te r  than the threshold level.  

S t a r t  the cycle with the AGC voltage grea te r  than the threshold level 
and reduce the voltage below threshold within the 1st 18 seconds. 
Record the dc leve ls  of F/F2 and dump signal before the 56th second. 

c. S t a r t  the cycle with the AGC voltage above the threshold leve l .  Reduce 
AGC voltage t o  zero and then increase i t s  value above the threshold 
before the 1st 18 seconds, 
dump signal before the 56th second. 

Record the dc l eve l s  of F/F2 and the 

d. S t a r t  the cycle with the AGC voltage below the threshold value, 
l e t  the checkout instrument complete the cycle and record the dump 
signal and F/F2 voltage leve ls  a f t e r  the 56th second with AGC on 
a f t e r  56 seconds. 

e, Between words when no commoand s igna ls  are being transmitted read 
and record the output voltages of F/F2 and the dump sigdal with AGC 
on and with AGC off. 

3.5 Aler t  Pulse 

3.5.1 Preparation 

The a l e r t  pulse c i r cu i t ry  is driven by the clock pulse source i n  the 
detector checkout instrument. The control over the input t o  t h i s  c i r cu i t ry  
i s  with the 25 pps amplitude control on the f ront  panel. 

3.5-2 Ci rcu i t  Operation 

a. Read and record the maximum and minimum leve l  of the a l e r t  pulse 
a t  TP-24 with a 4 vo l t  peak input monitored a t  TP-12. 

b. Read and record the a l e r t  pulse width a t  TP-24. 

c, Read and record the minimum clock pulse l eve l  which wf l l  operate t h i s  
c i r c u i t  
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3.6 

3.6.1 

3.6.2 

3.7 

3.7.1 

3.7.2 
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c . Record the minimm amplitude of the 25 ppe a t  TP-12 which causes 
the c i r c u i t  t o  operate cor rec t ly  ( 1  .5). 
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Preparation 

The SYNC PULSE switch on the f ron t  panel of the checkout panel sha l l  
be put i n  the off position. 

Auxiliary Clock Test 

a. Monitor the time period of the auxi l iary clock. Read and record 
t h i s  value. It can be found a t  TP-20 on the detector checkout 
instrument. I f  the 
reading f a l l s  ou t  of specification ad jus t  the var iable  r e s i s t o r  u n t i l  
the frequency is correct. 

This t i m e  period w i l l  read 40 2 .4 milliseconds. 

b. Monitor the clock pulse a t  A2-E3. Record tha t  the 25 pps is 
present a t  t h i s  point. 

RTC Closure Indicat ion Circuitry 

Preparation 

Apply a negative going .5 pps t o  TP-21. This w i l l  be with reference t o  
+28V which i s  on TP-17. 

Circuit  Operation 

a. S ta r t ing  a t  zero, increase the magnitude of the 1 pps pulse 
u n t i l  the s t e p  switch operates. Monitor the s tep  switch a t  
TP-22 with respect t o  ground. 
of the 1 pps pulse. 

Read and record the magnitude 

b. Read and record the on leve l  and pulse width of the i so l a t ion  
s tep  switch output. 
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